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INTRODUCTION
The genus Lotus L. (Fabaceae), from the Mediterranean region, New Zealand and North America, contains approximately one hundred legume forage species. The main forage species of genus Lotus cultivated in South America are birdsfoot trefoil (Lotus corniculatus L.), narrow-leaf birdsfoot trefoil (L. tenuis Waldst & Kit), great trefoil or major trefoil (Lotus pedunculatus Cav; syn.: L. uliginosus Schkuhr) and annual birdsfoot trefoil (L. subbiflorus Lag). One of its important traits is the highest tolerance to soil acidity in relation to other legumes, as alfalfa (Medicago sativa L.) and clovers (Trifolium spp.) (Izaguirre and Beyhaut 1998) . Furthermore, the meteorism, a nutritional disorder, does not occur in ruminants that consume Lotus spp., due to the presence of condensed tannins (CTs) (Ramírez-Restrepo et al. 2004 , Acuña et al. 2008 , which precipitate the proteins, avoiding the formation of foam in the rumen.
Studies have demonstrated that CTs can also be an alternative to chemical anthelmintic to control gastro-intestinal parasitic nematodes. Legumes with a http://dx.doi.org/10.1590/0001-3765201420130220
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FELIPE A. GIRARDI et al. high content of CTs, like great trefoil, reduce worm burdens in grazing lambs by up to 50% (Niezen et al. 1995) . Condensed tannin monomer units possessing cis stereochemistry are named epicatechin, epigallocatechin or epiafzelechin whereas those of trans stereochemistry are called catechin, gallocatechin or afzelechin (Naumann et al. 2013) . Foo et al. (1996) found epicatechin, epigallocatechin and small amounts of units of epiafzelechin and catechin in birdsfoot trefoil. Besides tannins, Lotus spp. present flavonoids of flavonol type, like quercetin and kaempferol (Reynaud and Lussignol 2005) , rutin and vitexin (Moro et al. 2010) . Tannins, terpenoids, alkaloids and flavonoids have shown antimicrobial properties in in vitro tests (Cowan 1999) . Recent studies with birdsfoot trefoil cv. São Gabriel, showed important anti-inflammatory activity in a mouse model of pleurisy induced by carrageenan, its constituent's kaempferitrin, oleanolic acid and β-sitosterol may be the responsible for this (Koelzer et al. 2009 ). The crude extracted of this cultivar did not show any anti-bacterial activity, but the hexane fraction did, suggesting the pharmacological potential for a new anti-bacterial drug development (Dalmarco et al. 2010) .
Due to antibiotic resistance and poor prospects for the development of new ones, the search for active substances has become a constant. Considering its agronomical importance and previous works about the phytochemical features in Lotus spp., this germplasm deserves further studies. This work aimed to evaluate the phytochemical profile and antimicrobial activity of hydromethanolic extracts of South American cultivars (cvs.) of great trefoil (cvs. Trojan and Serrano), narrow-leaf birdsfoot trefoil (cv. Larrañaga) and birdsfoot trefoil (cv. São Gabriel). The material was washed and air-dried at 35°C (Marconi/ MA 035/5) for 48 hours. The extracts were prepared by maceration with methanol: water (1:1) for ten days, followed by concentration in rotary evaporator under reduced pressure at 70°C. The Loss on Drying Test was performed to determine moisture and obtain the percentage of solids present in the extracts (Queiroz et al. 2002) . For the phytochemical analysis the extracts were resuspended in methanol to a concentration of 50 mg/mL and filtered through a membrane of 0.45 µm. For antimicrobial activity the extracts were resuspended in water containing 1% dimethylsulfoxide (DMSO) to obtain final concentrations of 100 mg/mL and 1 g/mL, and then were filtered through a sterilizing membrane of 0.22 µm.
MATERIALS AND METHODS
PLANT
PHYTOCHEMICAL ANALYSIS
General reactions
Qualitative phytochemical tests for alkaloids, flavonoids and tannins were carried out using colorimetric and precipitation reactions , Matos 2009 ). Alkaloids were searched using the Mayer, Dragendorff, Bouchardt and Bertrand reagents. The screening for flavonoids occurred by reaction with 5% aluminum chloride and observation of fluorescence in UV light (365 nm). PHYTOCHEMICAL AND ANTIMICROBIAL STUDIES OF Lotus To search for tannins the reactions were performed with a solution of 1% ferric chloride, 10% lead acetate and 1% gelatin in acidic media.
Thin-layer chromatography (TLC)
Phytochemical analysis in order to detect alkaloids, flavonoids, coumarins and tannins were achieved by TLC on silica gel F254 (Merck) plates. After elution with mobile phases (toluene: ethyl acetate: diethylamine, 7:2:1 and ethyl acetate: formic acid: water, 8.8:0.6:0.6), the plates were observed under ultraviolet light (wavelength 254 nm and 365 nm) and revealed with: Dragendorff (alkaloids), NP/ PEG (1% diphenylboriloxyethylamine in methanol p/v, followed by 5% polyethylene glycol 4000 in ethanol p/v) (flavonoids and coumarins), 10% potassium hydroxide (coumarins) and 1% ferric chloride (tannins) (Wagner et al. 1983 , Rodrigues et al. 2009 ).
High-performance liquid chromatography (HPLC) analysis
To identify and quantify tannins and flavonoids, the HPLC methodology using reference standards (RS) of catechin (Sigma Aldrich BCBC2740), epicatechin (Sigma Aldrich BCBC8078V) and rutin (Sigma Aldrich BCBD8327V) was validated (S.O. Chini, unpublished data) following the official parameters (Brasil 2003 , ICH 2005 (validation data were not shown). The extracts (50 mg/mL) and RS were diluted in methanol and a volume of 20 µL was injected into the system in triplicate. Analyses were performed using RP C 18 Brownlee (250 mm x 4.6 mm, 5 µm) column, without pre-column, on chromatograph LC Flexar Perkin Elmer (Burnsville, MN, USA) equipped with a binary pump, PDA detector (set at 282 nm), autosampler, and the peak areas were integrated automatically by Chromera Workstation Software. The mobile phase, in isocratic system, consisted of acetonitrile and water acidified with phosphoric acid (pH = 3) (18:82) eluted at 1 mL/min.
Antibacterial test
For standardization of bacteria Staphylococcus aureus (ATCC 27213), Escherichia coli (ATCC 35219), Staphylococcus epidermidis (ATCC 12228), Pseudomonas aeruginosa (ATCC 27853) and Salmonella typhi (ATCC 19196) , surfaces of Mueller Hinton agar containing the grown colonies were washed with sterile saline and diluted to 25% transmittance at a wavelength of 580 nm in spectrophotometer obtaining inoculum with approximately 10 6 CFU/mL. The antibacterial test was performed using the agar well diffusion method and microdilution broth (Michelin et al. 2005 , Dias et al. 2006 , Ostrosky et al. 2008 ). All samples were tested in triplicates. By the agar well diffusion method, 100 µL of the inoculum was dispersed with a sterile swab over the surface of Petri dishes containing 20 mL of MuellerHinton medium. The wells of 6 mm were made in agar, and 60 µL of the extracts, at a concentration of 100 mg/ mL, was added. Chloramphenicol (30 µg/disk) was used as a positive control and 1% DMSO served as a negative control. After incubation of the plates for 24 h at 37°C, zones of inhibition were measured.
Minimum inhibitory concentrations (MIC) were determined by microdilution broth. The extracts were diluted in a nutrient broth at the concentrations of 1:1 to 1:32. Microplates of ninety six wells were used, where 90 µL of nutrient broth, 10 µL of standardized inoculum and 100 µL of dilutions of the extracts were added. After incubation of the plates for 24 hours at 37°C, the microplates were observed for turbidity occurrence. Parallel controls were made: 1) positive (inoculum, nutrient broth and chloramphenicol 37.5 µg/mL), 2) negative (inoculum and nutrient broth), 3) negative (inoculum, extracts diluent and nutrient broth), and 4) sterility control of the medium.
Antifungal test
The agar well diffusion method was also used to the Candida albicans (ATCC 10231). The inoculum was prepared by taking, as a standard, the scale 0.5 McFarland (10 6 CFU/mL) (CLSI FELIPE A. GIRARDI et al.
2003)
. DMSO 1% was used as a negative control and nystatin 10.0000 IU/mL served as a positive control. The extracts were added to the wells at concentration of 100 mg/mL and 1 g/mL. The plates were incubated for 48 h at 25°C, and, then, the inhibition zones were analyzed. The assay was performed in triplicate. Antifungal activity was tested against the filamentous fungi Alternaria sp. and Fusarium graminearum. Extracts aliquots of 100 µL (1 g/ mL) were added and uniformly distributed, with Drigalsky handle, on petry plates surfaces with potato dextrose agar. A mycelial disc (6 mm diameter) taken from the edge of a colony in activity growth was positioned at the center of each plate. The positive controls for Alternaria and Fusarium were glyphosate (10 mg/mL) and carbendazim (20 ppm), respectively. The negative control was the DMSO (1%).
The plates were incubated at 28°C for 6 days for Alternaria sp. and 3 days for Fusarium sp. The colony diameter, in two perpendicular directions, was measured every 2 days for Alternaria sp. and daily for Fusarium sp. The test was conducted in five replicates. The percentage inhibition of diameter growth (PIDG) of the extracts on the fungal growth, which means the antifungal activity of the extracts, was determined according to the formula below.
PIDG = {[(Ed / Cd) x 100] -100}
In which Ed means the average diameter (mm) of the mycelia with the extract, and Cd means the average diameter (mm) of the mycelia with the negative control (Yang et al. 2012 , with brief modifications).
Statistical analysis
Statistical analysis was performed using one-way analysis of variance (ANOVA) and the means were compared by Tukey test at 5% significance level.
RESULTS AND DISCUSSION
PHYTOCHEMICAL ANALYSIS
The phytochemical analysis detected variations among cultivars, showing genotypic differences, despite the plants being grown and collected in the same location simultaneously. The positive reactions for alkaloids were obtained for all extracts only after addiction of Dragendorff reagent. For cv. São Gabriel, this also occurred after addiction of Bouchardt reagent. The occurrence of precipitation for only two of the reagents used (Dragendorff, Bouchardt) cannot be considered indicative of alkaloids. These reagents are not specific and the presence of proteins, purins, betains, coumarins and others may also cause positive reactions (Henriques et al. 2004) . Characteristic pattern of spots of alkaloids were not visualized in TLC, not confirming the presence of these metabolites in the studied plants. The results are in agreement with Moro et al. (2010) who did not find alkaloids in cvs. São Gabriel, Maku (L. uliginosus) and El Rincón (L. subbiflorus) in both colorimetric reactions and TLC.
The presence of coumarins and flavonoids was detected in all extracts, through TLC. Greater contents of coumarins (blue fluorescence spots) and flavonoids (orange spots) were observed in extracts of cvs. Larrañaga and São Gabriel under UV light (365 nm) intensified after the use of revelators (NP/PEG and potassium hydroxide). Blue and green spots were observed through fluorescence light in the cvs. Trojan and Serrano, indicating the presence of phenyl carbonic acids, a type of chlorogenic and isochlorogenic acids (Wagner et al. 1983 ). These results confirm previous studies regarding the presence of flavonoids in Lotus spp. (Basualdo et al. 2003 , Reynaud and Lussignol 2005 , Moro et al. 2010 .
The presence of condensed tannins was observed in all cultivars, with the greatest content in the cvs. Larrañaga and São Gabriel (especially after the use of ferric chloride in TLC). HPLC PHYTOCHEMICAL AND ANTIMICROBIAL STUDIES OF Lotus analysis proved to be conclusive for the presence of tannins and flavonoids in all cultivars. Condensed tannin monomers (catechin and epicatechin) were observed in all extracts, but in different amounts. The percentage (w/w on dry extract) of catechin was 0.29 (cv. Trojan), 0.23 (Serrano), 0.66 (cv. Larrañaga) and 0.58 (cv. São Gabriel). The concentrations of epicatechin were 0.59% (cvs. Trojan and Serrano), 0.91% (cv. Larrañaga) and 2.54% (São Gabriel). The flavonoid rutin was only found in the cvs. Larrañaga (0.88%) and São Gabriel (0.29%). The cvs. Trojan and Serrano, being of the same species (L. uliginosus), showed a very similar chromatographic profile, suggesting that secondary metabolites are genetically related (Figure 1 ).
ANTIMICROBIAL TEST
Antibacterial activity of Lotus spp. extracts was not observed. The birdsfoot trefoil cv. São Gabriel hydroalcoholic extract and its fractions were already described as inactive against gram-negative bacteria and with a weak to moderate activity against gram-positive bacteria. The increase of antibacterial activity (especially gram-positive) was obtained after the isolation of the oleanolic acid and kaempferitrin compounds (Dalmarco et al. 2010 , Koelzer et al. 2009 ). The extracts of Lotus spp. also showed no activity against the yeast Candida albicans. However, effects were observed on Alternaria sp. and Fusarium sp. subjected to treatment with 100 µL of extracts (Figure 2) .
The percentage inhibition of diameter growth (PIDG) of Alternaria sp. after 6 days of incubation treated with the extracts of cvs. Trojan, Serrano, Larrañaga and São Gabriel were -6.07%, 1.29%, -12.34% and -16.94%, respectively. The negative signals demonstrated the reduction in the fungus growth that was significant (p<0.05) after treatment with the extracts. The extract of cv. São Gabriel presented the best result, followed by cvs. Larrañaga and Trojan. Fusarium sp. proved to be less sensitive to the extracts, and the PIDG after 3 days of incubation was 11.44 (cv. Trojan), 10.45 (Serrano), -9.29 (cv. Larrañaga) and 7.30 (São Gabriel). The inhibition of fungal growth was significant (p<0.05) with the extract of cv. Larrañaga (Table I) .
There are reports of antifungal activity of extracts of Lotus garcinii DC. for Aspergillus niger, Alternaria solani, Penicillium funiculosium, Microsporum canis and Pleuroetus oustreatus (Azhar et al. 2004) . In this study, the extracts of cvs. Larrañaga and São Gabriel significantly (p<0.05) inhibited the mycelia growth, at least in one of the fungi tested, indicating the importance of evaluating different species and cultivars. These cultivars showed the greatest contents of coumarins, flavonoids and tannins by TLC (by strong and numerous spots), and catechin, epicatechin and rutin by HPLC. These compounds are directly related to antifungal activity. The antimicrobial action of the flavonoids may be related to the ability to bind with extracellular and soluble proteins and also with cell wall structures. The most lipophilic flavonoids may act causing the disruption of microbial membranes (Mota et al. 2009 , Sandhar et al. 2011 . Other studies have demonstrated the antifungal activity of flavonoids in an important legume species, Desmodium caudatum (Thunb.) DC (Sasaki et al. 2012) . Regarding tannins, the action mechanism can be explained by the inhibition of fungal enzymes and/or binding the enzyme substrates. The action of tannins on cell membranes of microorganisms can modify their metabolism. Furthermore, the bind of the tannins with metal ions reduces the availability of these ions, which are essential for microbial metabolism (Mota et al. 2009 ).
The antifungal activity of Lotus cultivar extracts against filamentous fungi must be explored, searching for the elucidation of these compounds and their mode of action, as well as the effects on other fungus. The results provide a direction for further research about pharmacological use of Lotus spp.. 
